A coding and decoding process of argon plasma images using digital holography is proposed. The digital Fourier holography is applied to two images of matrix dimensions 512 × 512 pixels. The decoded images are improved using wiener filtering techniques. We have constructed three basic color images of the original image which is useful to extract the thermal distribution of the plasma image. Also, the profiles of the reconstructed images are checked showing better smooth profiles using wiener filter. The Mat-lab code is applied in the operation of image processing using Fourier techniques.
Introduction
It is known that the input power and gas flow rate play a major role in controlling the plasma jet temperature, velocity and electron number density of the plasma jet [1] . An increase in input power considerably increased the electron number density while the gas flow rate did not show any significant effect. The Electron number density of the plasma jet, the corresponding temperature and the degree of ionization were determined using stark broadening of the Ar I (430.010 nm) line, the atomic Boltzmann plot method and the Saha equation, respectively [2] . A new visible-spectroscopy diagnostic exploits ion-beam-excited ArI transitions to measure the time-resolved plasma electron density (10 15 cm −3 -10 16 cm −3 ) and temperature (1 -2 eV) during the initial breakdown phase [2] . Stark broadening and line intensity ratios are used as diagnostics after the plasma forms. Also, the plasma properties of a DC pseudo-discharge have been discussed in helium as a working gas [3] .
Normally, vacuum or rare gases such as argon and helium are used to prevent electrode erosion. In a recent work, the arc length of plasma was measured using image processing on arc length pictures taken with a high-speed video camera. Thereby, the lengths and positions of the arc are determined over time [4] .
An improved reconstruction from the Fourier hologram using a spatial light modulator (SLM) was investigated. The method is based on applying a digital pre-filtering of the SLM's encoded distribution to compensate the signal distortion caused by the SLM's finite pixel size [5] .
In this paper, processing of the plasma images using Fourier holograms [6] - [15] for the sake of coding and decoding the image. Improved reconstructed plasma images are obtained using Wiener filtering. Profiles of the reconstructed images in both cases before filtering and after filtering are investigated.
Holographic Analysis
The argon plasma image is recorded numerically as a Fourier hologram using Mat Lab code as follows: Firstly, a color diffuser of the same dimensions like the rescaled plasma colored image of dimensions 512 × 512 pixels is constructed numerically. Secondly, the multiplication of both the plasma colored image and the colored diffuser is Fourier transformed numerically to get the holographic color interference image. This hologram is the convolution product of the Fourier transform of the colored plasma image and the colored speckle pattern. It is known that the colored speckle distribution is the Fourier transform of the colored diffuser function. Thirdly, the inverse Fourier transform is operated upon the described colored hologram to get the reconstructed colored images of plasma.
The two Fourier transform operations are summarized as follows: 1 st step (recording amplitude and phase of the color hologram) The complex amplitude of the colored image is analytically represented as:
The colored image is numerically written as follows: 
where the continuous variables (x, y) are replaced by numerical values as follows:
x = m ∆x and y = n ∆y; j 1 == −
The above colored image is decomposed into the three principal components red, green, and blue. The monochromatic components are written as follows: 
The digital colored diffuser is written as follows:
where rand is a random value between 0 and 1 and ( ) , d m x n y ∆ ∆ is the amplitude weighting factor. If the image has square dimensions of 2 cm height and 2 cm width and the diffuser has the same dimensions, then ∆x = ∆y = 18 μm.
The complex amplitude of the Fourier hologram is obtained by operating the FFT upon the multiplication product of the two matrices represented in Equation (2) and Equation (4).
Hence, the complex amplitude of the hologram ( ) , ; B u v λ is represented as follows:
. . , ; , ;
. . , ; * . . , ;
, ; * , ;
where (u, v) are the spatial coordinates in the Fourier plane and * is a symbol for the convolution product. 2 nd step (reconstruction process of inverse Fourier transform) ( , ; . , ;
where (x', y') represent the Cartesian coordinates in the imaging plane or the reconstruction plane for the wavelength λ corresponding to the polychromatic illumination. In the particular case of monochromatic illumination, the colored holographic and the reconstruction images are independent on the wavelength and we get Equation (5) and Equation (6) as:
The holographic image represented by Equation (7), and the reconstruction image Equation (8) 
Results and Discussion
The colored plasma image photographed at current 5A in the Laboratory, by a CCD camera has dimension of 1900 × 2500 pixels is shown in Figure 1 (a) and rescaled at dimensions of 512 × 512 pixels which is used in the polychromatic processing and coding is shown as in Figure 1(b) . A gray scale Plasma image of argon plasma of dimensions 512 × 512 pixels is shown in Figure 1 The coding and decoding processes are outlined as in Figures 3-6 . The color diffuser used for the hologram recording is numerically plotted as in Figure 3(a) and the gray scale diffuser is shown in Figure 3(b) . Before the recording of the Fourier hologram, the plasma image is coherently multiplied by the complex amplitude of the diffuser as shown in Figure 4(a) for the red component of the image and Figure 4(b) for the gray scale image.
Hence, the Fourier hologram is obtained by operating the Fourier transform upon the above multiplication as shown in Figure 5 . The Figure 5(a) is the Fourier hologram for the red component of the image while Figure  5(b) is the hologram for the gray scale image. The reconstruction process will give two conjugate red images are shown in Figure 6 (a) and gray scale images are shown in Figure 6(b) . They are obtained by operating the inverse Fourier transform upon the complex amplitude of the hologram. It should be noted that the intensity axis is rescaled for all images to be 512 × 512 pixels and Mat Lab code is written for all processes of plasma images photographed in the laboratory by CCD camera. It is clear that the conjugate reconstruction images will give a matrix two times the dimension of the hologram matrix, namely 1024 × 1024 pixels. Improved images using a sequence of wiener filters are shown on the Figures 6(a), (b) . It is shown that the background noise appeared in the reconstructed images is suppressed in the filtered images.
Referring to the Figure 6 (b) and its corresponding profile shape shown in Figure 7 (b) the noise is nearly removed from the image in the right image as compared with ordinary reconstruction with a noise for the image shown in the left.
Another reconstruction process for the argon plasma image taken at current 2.5A obtained from the hologram is shown in Figures 8(a)-(e) . In Figure 8 
Conclusion
The processing of argon plasma images using Fourier holograms is presented for the first time. The wiener filtration is applied to the reconstructed images in order to improve the images and suppress the background additive noise. Hence, the reconstructed plasma images are improved after using the wiener filter. Also, the spectral red, green, and blue basic components of the colored image have distributions in the image proportional to the amount of the color present in the image. The intensity distribution in the image is proportional to the thermal distribution of the plasma.
